
Dfisoriptinn 

Method and arrangement for taking up a first medium, which is present in a first phase, into a 
capillary device 

An arrangement disclosed by [1] has a microtitre plate with a plurality of wells for taking up an 
5 analyte. 

Such a microtitre plate is used, for example, for a wide variety of applications in medicine and 
biotechnology for taking up liquids to be analysed, for example in the field of DNA analysis. 

10 Usually, a different analyte to be analysed is introduced in each well and via a pipette, usually via a 
. ^ plurality of adjacently arranged elements designed as a so-called pipette comb; in a pipette comb, 

for example, a respective pipette is provided for each well in a row of the microtitre plate, which 

has wells arranged in an array. 

1 5 By means of a pipette, an analyte is in each case withdravra because of a reduced pressure created in . 

the pipette, i.e. it is sucked up, firom the corresponding well which is filled with-the analyte and into 
V which the pipette is dipped. 

O According to the arrangement knovm fi-om [1], the pipette is in each case coupled, via tubing, to a 
2^ pump which is assigned uniquely to the respective pipette, and which produces die reduced 
^ pressure, in such a way that the analyte can be sucked through the corresponding pipette by means 
N of the pump and correspondingly can in turn be introduced into the well while being confa-pUed by . 
the pump. 

H Such a known microtitre plate has, for example, 96 wells with a size of 8 cm H 12 cm, 

n Such a known microtitre plate, however, may in principle have any desired nrnnber-pf: wells,; j:::^., 

M: usually up to 384. 

M A particular disadvantage of the arrangement known firom [1] is that, because of the. number of : . 

S pumps, it is impractical or sometimes impossible to provide a separate pump on such a small-area : r.-. 

W of 8 cm H 12 cm for each well in a row, i.e. for such a large number of pipettes. 

The production of such a pipette comb, and hence of such an arrangement for taking up liquid 
35 analytes, is therefore very demanding and expensive. . . 

It should fiirthermore be pointed out that, in the arrangement known fi-om [1], a peristaltic pump is 
normally used in each case for sucking the analyte out of the well in question and for introducing it 
therein. 

40 

A considerable disadvantage of this known arrangement is fiirthermore that a minimum amount of 
an analyte to be analysed, of the order of 1 ml, is needed for the analysis. 

r 

Another disadvantage is that the large number of pumps required, with the associated tubing 
45 arrangement, is very complicated and ttierefore susceptible to faults. 

Furthermore, [2] describes a so-called Flow-Thru Chip™, by means of which analysis of the 
analyte v^th respect to the existence of biological material in the analyte is possible. 




The Flow-Thru Chip , which is a configuration of an analysis chip, has a plurality of channels 
through which the analyte is fed through the analysis' chip, the surface of the channels being 
provided respectively with probe molecules, generally with molecules which can bind, preferably 
5 covalently, the correspondingly targeted biological material whose existence in the analyte is to be 
detected. 

If the biological material in the analyte is a DNA strand with a predefined DNA sequence to be 
determined, then DNA probe molecules with a sequence complementary to the DNA sequence to 
10 be detemiined are applied to the surface of such a liquid channel in the Flow-Thru Chip . 

>' If the DNA material with the targeted DNA sequence is present in the analyte, then the DNA 
strands bind with the corresponding DNA probe molecules of opposite, i.e. complementary 
sequence. 

In general, such an analysis chip is often used for the analysis, i.e. for the detection of 
macromolecular biopolymers, examples of which include proteins or peptides as well as.DNA 
strands with a respective predefined fi-equency. 

2a Furthermore, [3] discloses the production, fi-om glass or silicon, of a' diaphragm which has a 
%Q plurality of pores with a constant diameter of fi:*om 0. 1 Fm to 1 Fm. ' • 

N It is therefore an object of the invention to take up a first medium present in a first phase, for 
O example as a liquid or as a gas, into a capillary device, the take-up being carried out more simply 
^ and less expensively compared with the prior art. 

The object is achieved by the method and the arrangement having the features according to ^^^^ 
g independent patent claims. 

^ In a method for taking up a first medium, which is present in a first phase, into a capillai^"device, 'a 
ffl reduced pressure is produced in the capillary device. The first medium is takerfup into the capillary: 
Q device by the reduced pressure. : 

The first medium may be present as a liquid or as a gas. 

35 

For example, the first medium may be a liquid to be analysed, i.e. an analyte that will be analysed 
by using ttae capillary device and an analysis chip, which is coupled to the capillary device and with 
which the taken-up first medium is brought into contact. 

40 In this case, the analysis chip is, for example, the Flow-Thru Chip™ described in [2]; biological 
material may be contained in the liquid channels of the analysis chip and applied to the surface of 
the liquid chaimels, the biological material being designed in such a way that biological molecules 
contained in the first medium can be bound by probe molecules. 

45 For instance, DNA probe molecules may be applied as biological material to the liquid channels in 
order to bind DNA strands which are contained in the analyte and have a DNA sequence that is 
complementary to the sequence of the DNA probe molecules. 

The invention ensures that the reduced pressure produced in the capillary device is less than a 
critical pressure such that, if it is exerted in the capillary device, a surface tension which is produced 



by the first medium or a second medium, which is described below, in the capillary device, when 
the first medium has been taken up fully by the capillary device, would be overcome. 

This prevents the second medium, which is present in a second phase which is different fi-om the 
first phase, fi-om being taken up into the capillary device after the first medium has been taken up 
5 fiilly. 

Clearly, this means that in the capillary device, for example by means of a pump controller which 
controls a pump producing the reduced pressure in the capillary device in such a way that the 
reduced pressure, which is produced in the capillary device, is set in such a way that the reduced 
pressure does not exceed the surface tension of the first medium or, if e.g. the first medium is 
lO " present in gas form and the second medium is present as a liquid, of the second medium in the 
capillary device. 

The critical pressure in the capillary device is given, for example, by the following mle: 

■. P - 2.1- 

r 

where 

Ci denotes the surface tension which is produced by the first medium in the capillary device 

Q when the first medium has been taken up fully by the capillary device, " 

fU - r denotes the radius of a capillary device with a circular base. 

20 In the event that the first medium is a liquid, the second medium may be a gas. - . 

5 z 

H This configuration of the invention, as will be explained in more detail below, hence prevents ^y . , 
H gas, for example air, firom being taken up into the capillary device when all of Ae liquid . 6:9^ 
2 container has been taken up by means of the capillary device, so that in this way dies pump resiilt, 
y and concomitantly the analysis result when an analysis chip is used, is not comprorr^^ed b^ 
second medium. 

However, the first medium may also be a gas, in which case the second medium is usually a liquid. 

The invention clearly utilises the effect that a surface tension of the liquid, produced because"of the 
capillary effect, automatically ensures that only the medium to be analysed is taken up into the 
capillary device since the second medium is not taken up, after the first medium has been taken up 
30 fully, owing to the surface tension of the latter. If the second medium is present as a liquid and the 
fu^t medium is present as a gas, then after the first medium has been taken up" fully into the 
capillary device, the surface tension of the second medium itself prevents its take-up. 

This procedure is very simple, and the arrangement intended for carrying out the method can hence 
be produced very inexpensively. 

35 The use of an analysis chip for analysing the medium taken up by the capillary device overall makes 
it possible, very simply and inexpensively, to have an arrangement for analysing a medium, for 
example an analyte for tissue analysis. 




According to another configuration of the invention, the capillary device is a porous plate having a 
plurality of channels, the reduced pressure being in each case produced in one channel. 

Each channel has, for example, a circular base with a radius of fi-om 0.1 Fm to a few Fm, preferably 
up to approximately 10 Fm. If the cross section of the channel is not circular, the base is 
5 dimensioned in a size corresponding to the circular base. 

Exemplary embodiments of the invention are represented in the figures and will be explained in 
more detail below. 

Figure 1 shows a sketch of an arrangement for taking up liquid analytes according to a first 
exemplary embodiment of the invention; 

id' Figure 2 shows a detail of the arrangement in Figure 1 in cross section, in a state in which all of the 
f analyte is located in the wells; _ . : , 

Figure 3 shows the detail in Figure 2, in the state such that some of the analytes have been sucked 
into a holding space by the pipettes; 

Figure 4 shows a cross section through a pipette, which is used to illustrate a principle on which the 
iSl second exemplary embodiment of the invention is based. 

i . - . - 

© Figure 5 shows a cross section through a pipette, which is used to illustrate a principle on which the 
^ second exemplary embodiment of the invention is based. 

Figure 6 shows a cross section through a pipette, which is used to illustrate a principle oh which the 
second exemplary embodiment of the invention is based. . , ^ 

First Exemplary Embodimeiat: " - 

C Fig. 1 shows an arrangement 100 for taking up liquid analytes according to. a first . exemplary 
ifn embodiment of the invention. _ .' 

This arrangement 100 has a microtitre plate 101 with a plurality of wells 102 for taking up anailytes, 
i.e. liquids to be analysed, which are usually each different. 

25 A fiirther plate 103, which is coupled to the microtitre plate 101 by means of screws (ndt-shown), is ; ^ 
applied to the microtitre plate 101. The further plate 1 03 will be explained m more detail below. 

Via the fiirther plate 103 which, corresponding to the wells 102, respectively "has" pipettes as 
represented in Fig. 2, which pipettes are hermetically coupled to a pump 104 vi^hich is applied to the 
fiirther plate 103. 

30 By means of the pump 104, it is possible to set the pressure inside the fiirther plate 103, as 
described below, i.e. an overpressure or a reduced pressure can be fi-eely set in the corresponding 
space by the pump 104. 

Fig. 2 shows an enlarged detail 105 of the arrangement 100 in Fig. 1. 

As can be seen fi*om Fig. 2, an analyte 201 to be analysed is usually introduced into each of the 
35 wells 102. 




The pipettes 202 arranged in the further plate 103 are arranged in the further plate 103 in such a 
way that, when the further plate 103 is fastened on the microtitre plate 102 by means of the screws 
(not shown), a pipette 202 protrudes in each case into a well 102 assigned to it, and hence into the 
respective analyte 201 . 

5 The pipettes 202 are formed on a lower plastic body 203 of the further plate 103. 

The lower plastic body 203 is coupled, for example adhesively bonded, to an upper plastic body 
, 204. 

According to this exemplary embodiment, an intemiediate plate 205, in which of the analysis chips 
206, according to this exemplary embodiment the analysis chip described in [2], which is also 
.1.0 referred to as a Flow-Thru Chip , is fitted in such a way that a respective analysis chip 206 is 
provided for each well, is arranged between the lower plastic body 203 and the upper plastic body 

Clearly, this means that one analysis chip 206 is in each case intended to analyse one analyte 201, 
which is respectively contained in a well 102 and, according to a method described below, is 
1 5 sucked via the pipette 202 and the lower plastic body 203 through the analysis chip 206, i.e. through 
the liquid channels of the analysis chip 206, into the upper plastic body 204. 

In this way, the analyte 201 is in each case brought into intimate contact with the probe molecules 
ffi; on the surface of the liquid channels of the analysis chip 206. 

O On the upper plastic.body 204, a respective diaphragm 207 is provided for each well 102. 

if This means that the upper plastic body 204 in each case forms a space, essentially corresponding to 
^ the upper surface shape of the well 102, which is respectively formed by side walls 208.of :tte:Upper 
L plastic body 204. ■ ■ - ' - 

C Clearly, chambers 209 are hence formed in the upper plastic body 204, whieh are in^ each -case 
fp bounded by the walls 208, the diaphragm 207 and the intermediate plate 205 with.the integrated 
^ analysis chip 206. n-. . 

ry * ' . ' 

The diaphragm 207 is in each case an elastic diaphragm, for example made of latex, which can be 
modified by means of a pressure change in a space 210 which is located over the upper plastic body 
204 and is coupled to the pump 1 04. 

The space 210 may be filled .with gas or with a liquid, the diaphragm being impermeable to the 
30 corresponding gas, or the liquid with which the space 210 is filled. 

Clearly, a pressure variation in the space 210 hence deforms the diaphragm 207 so that a pressure 
variation is produced in the respective chambers 209, by means of which the analyte 201, via the 
pipette 202, is either sucked through the analysis chip 206 or discharged into the well. 

The liquid channels in the Flow-Thru Chip™ 206 are coated with biological material, i.e. with 
35 DNA probe molecules according to this exemplary embodiment, which are bound to the surface of 
the liquid channels in the analysis chip 206 by means of the known gold/sulphur coupling. 

If the analyte 201 to be analysed has DNA strands v/ith a sequence which is complementary to the 
DNA sequence of the DNA probe molecule, then these DNA strands bind covalently to the DNA 




probe molecules in the liquid channels of the analysis chip 206. 

Clearly, the diaphragm 207 is hence deformed in each case by a pressure change, as represented in 
Fig. 3, according to the size of the diaphragm between the two extreme positions, symbolised in 
Fig. 3 by the tangents 21 1, 212 to the diaphragms which are in each case maximally curved. 

5 Because of the deformation, as described above, the analyte is sucked in or released. 

Furthermore, according to this exemplary embodiment, a buffer plate 213 which ensures improved 
mixing of the analyte 201 by the formation of a corresponding flow shape around the buffer plate 
2 1 3, is provided in the lower plastic body 203 for each pipette 202, respectively between the pipette 
'J 202 and the intermediate plate 205. 

1.0 According to this embodiment, it should be noted that the liquid amount of the analyte 201 pumped 
by means of the diaphragm 207 needs to be significantly greater than the volume, defined in each 
case for a pipette 202 by the lower plastic body 203, of a lower chamber 214 below the analysis 
chip 206. 

After the analysis of the analyte has been carried out, which typically takes a few hours in ttie 
context of hybridisation, the arrangement 100 is emptied using a maximum diaphragm setting in the 
position 212. 

Rinsing procedures for the arrangement, using a rinsing solution, can be carried blit in a similar way 
as for the analysing. 

Second Exemplary Embodiment: 

M The second exemplary embodiment corresponds essentially to the first exemplary embodiment, 
with the difference that no diaphragm 207 is needed. 

In order to ensure that, after all of the analyte has been sucked up firom a respective well, no air or 
another gas is sucked out of the well into the pipette, the pump 104 is operated in such a' way tiiat a • 
surface tension, described below, which is formed in the analyte at the lower end of the respective 
pipette 202 is not exceeded. 

This principle is illustrated in Fig. 4. - . 

Fig. 4 shows a pipette 401 , which is dipped into a well 402 and thereby into the analyte 403. 

A reduced pressure formed in the pipette 401 is symbolised in Fig. 4 by means of an arrow 404. 

The pipette 401 according to this exemplary embodiment is configured as a tube with a diameter of 
30 approximately 1 cm and is sealed, for example adhesively bonded, at its lower end 405 to a 
diaphragm 406, the diaphragm 406 containing a plurality of pores 407, or at least one pore 407, 
witti a preferably constant diameter, according to this exemplary embodiment a diameter of 10 Fm. 

In general, such a pore 407 may, for example, have a diameter of fi^om 0, 1 Fm to 100 Fm. 

A diaphragm 406 as disclosed by [3], made of glass or silicon, is used according to this exemplary 
35 embodiment. 

It is assumed according to this exemplary embodiment, without restricting the genCTality, that the 




diaphragm 406 is hydrophilically configured. 

The analyte 403 then penetrates the pores 407 of the diaphragm 406 and can be sucked into the 
pipette 401 by a small reduced pressure, for example 0.03 bar according to this exemplary 
embodiment. 

5 If the well 402 is emptied, i.e. the analyte 403 is taken up fully into the pipette 401, then a meniscus 
503 is fomied, as represented in Fig. 5, at each pore opening 501 between the analyte 403 and the 
air 502 which is all that remains in the well 402. 

In order to deform the meniscus 503 which is being formed, in such a way that it is possible for air 
502 to enter the pore 407, it is necessary to produce a substantially stronger reduced pressure than 
\o\ the reduced pressure which is required in order to suck the analyte 403, in general a liquid, into the 
capillary, i.e. into the pipette 40 1 . 

This required pressure P can be estimated according to the following rule: 




® 

where 

■•^ a 

□ - S denotes the surface tension of the respective liquid, i.e. of the analyte 403, and 

nj - r denotes the radius of the respective pore 407. 

s These values are usually known for a given arrangement. 

U If water is used as the analyte and a pore 407 has a radius of 10 Fm, then a value of 0.29 bar is 

H= found for the required pressure P. 

O So that entry of air into the pore 407 can be prevented, it is necessary to ensure a pressure from the 

^ ^ pump which is below this estimated pressure. 

This control measure is usually noncritical since, as explained above, a reduced pressure of 0.03 bar 
25 is necessary in order to suck in the analyte, this pressure being an order of magnitude less than the 
critical pressure at which the surface tension would be overcome and air could enter the pore 407. 

In other words, this means that the reduced pressure P produced in the pipette is in a range of 0.03 < 
P <0.29 bar for this pipette with the dimensions stated above. 

Entry of air into the pipette is hence prevented in a very simple way. 

30 It is of course also possible, in the case of a hydrophobic diaphragm 406, similarly to pump a 
predefinable gas by means of the arrangement described above and to prevent entry of liquid 
through the respective pore, in general through a capillary. 



Clearly, this exemplary embodiment makes it possible to ascertain automatedly whether all of the 
analyte 403 has been taken up from the respective well. 




It is also automatedly ensured that no medium other than the material to be analysed is taken up into 
the analysis device. 

Fig. 6 shows the enlarged detail of a lower end of a pore 407 in Fig. 4 at a reduced pressure which 
lies in a range shortly before the air 502 enters the pore 407. 

This is made clear by the strongly curved meniscus 503. 
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